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By Robert F. Peck 

k rocket-propelled model of an  s?irglule  configura%ion  having an- 
arrow wing with 55' leading-edge sweep and a flat-sided f--elage nounting 
swept hor izontd  and ver t ica l  tai ls  has been tested  through  use of the 
p-&sed-control  technique a% Mach numbers between 1.0 and 2.3. Results 
are presehted from an investigation of longitudinal trim, Ilft, s tab i l i ty ,  
drag, h t e r a l  force, thrust, and jet effects .  

mta were, i n  general,  obtained through the  pulsed-control  technique 
wherein the ncdel  response t o  a square-wave vaxiation of control  incidence 
is studied. 

Li f t  znd s t ab i l i t y  data agreed w e l l  w i t h  theoretical  estWtes. Jet- 
effec-is data were i n  agreenent  with  expectations based on previous data. 

Rocket-propellea  resezirch models equipped w i t h  variable-incidence 
hor izontd  tails  &re being  used by the hngley  Pilotless  -Aircraft  Research 
Division t o  investigate t'ne aerodynemic chwacter is t ics  of various wings 
i n  cozbination  with  fuselage-tail  configurations 2% high Reynolds nmbers 
z d  i n   f r e e   f l i g h t .  Refereoces I, 2, and 3 sre among several  reports 
written i n  connection with this general progrm. Data ?ran these nodels 
are  obtained Proa telenetered  records of %he response of the  nodels to 
square-wave variation or' horizontzl-tail  incidence. 
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Data presented  herein were obtained frm a model having an arrow 
wing with 55O leading-edge sweep and an NACA 65.4003 airfoi l   sect ion and 
a rather slender,  flat-sided  fuselage rr,ounting swept ver t ical  and hori- 
zontal tai ls .  This model was approximately  twice as large as the models 
i n   t h e  aforementioned  references and unlike those models was equipped 
w i t h  a sustair,er  rocket  (rocket  contained  within  the  model). 

The  Hach  number range of the present test was about 1.0 t o  2.3 and 
the Reynolds number range, 6 x 10 t o  3': X 10 . 6 6 

longitudinal  accelerometer  reading,  g units 

normal accelerometer reading, g units 

trarsverse  accelerometer  reading, g units 

wing span, f t  

w i n g  nean aerodynamic chord, f t  

w/s ahordwise force  coefficient, -AIJcg 9 
- 

drag  coe-fficient, Cc cos a + % s i n  a 

l i f t  coefficient, % cos a - CC s i n  a 

pitching-moment coefficient about 0.24E 

normal- force  coefficient , w/s 

lzterd-force  coefficient,  w/s 

*N,g 9 

h c g  9 

diameter of c i rc le  with same area as maximum frontal   area of 
fusehge, r't 

acceleration due t o  gravity,  ft/sec2 
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e 

I n  product of iner t ia ,   s lug-f t  2 

% nonect of iner t iz .   in   pi tch,   s lug-f t  2 

=Z noment of i n e r t i a   i n  yaw, slug-ft 
2 

M Mach  number 

P free-stream  static  pressure at nodel,  Ib/sq f t  

Po stmdad sea- level   s ta t ic  pressure, lb/sq f t  

pl 
pressure measured by st .ztic  orifice on afterbody, lb/sq It 

P1 - P 
a p =  
9 a_ 

pressure  coefficient 

- 9 ayllaaic  pressure, lb/sq I't 

R Reynolds number based on wing c 
- 

I 

S t o t d .  wing ere=  (including area enclosed  within  fuselage ), 

v velocity, f t  /sec 

w weight of model, Ib 

sq f t  

X distm-ce between center of gravity and nose normal 

X a C  distance of aerodynamic center from leading edge of c, 

eccelerometers, f t  
- 

percent c - 

Y dis tmce from fiselage  center Une i n  ssmwise  direction, ft 

a angle of attack, deg 

P an!le of sideslip,  deg 



6 horizontal-tsil  incidence  (in  free-stream  direction,  referenced 
t o  wing plme, + t r a i l i ng  edge down),  deg 

influence  ccefficient,  radians/lb (minus sign  indicates twist 
in   d i rec t ioz  t o  decrease load) 

.. 
3 angulzr  acceleretion  in  pitch,  radians/sec2 

cb r o l l   r a t e ,  re,a.ians/sec 

4 yawiAng velocity,  raclians/sec 

The symbols a, p t  &, and 6 used as subscripts  lndicate the 
derivative of the  quantity w i t h  respect t o  this subscript. 

MOCFEL AND INSTRUbENTATION 

Kodel 

k sketch a d  photograph of the model are shown i n   f i g u e s  1 and 2, 
res2ectively. As shown, this model had a xodified delta wing (arrow 
wing) w i t h  zl 55' swept leadi-ng edge and an XACA 65A003 airfoi l   sect ion.  
"I.. rat'ner slender, Pht-sided fuselage had an effective  f ineness  ratio 
of about 15 effective  f ineness  ratio is the  eqEivalent of 

Length of fuselage 
D ) and mounted swept ver t ica l  and ho r i zon td   t a i l s .  

The model as tes ted hmii only one horizontal-tail  panel, as noted later 
in   t he   t ex t .  The wing  and horizontal t a i l  were constructed of sol id  
duralumin, -the fuselage of magnesium castings and duralumin, and the ver- 
t f c a l  t a i l  was Fade of magnesium. The wing f l ex ib i l i t y  was measured 
p r io r   t o   f l i gh t  and the wing s t ructural  inr"hence  coefficients measured 
with  loads along the 50-percent-chord line  are  presented  in  figure 3. 

The mod.elwas equipped w i t h  a 6-inch ABL Descon rocket motor. A s  
shown (fig.  1) this rocket was equipped with a "blast tube"  extezsion. 
The reason for this extension w i l l  be discussed  later in the text. A t  
the exit of the  rocket  nozzle (i .e., at the  joint  between the nozzle 
2nd the blast tube) the r a t i o  of je t  static  pressure  to  free-stream 
static  pressure  vzried betweec 2.5 and 3.4, while the   r a t io  of rocket- 
chamber pressure  over free-stream static  pressure  varied between 75 
and 100 8s  the node1 accelerated from I4 = 1.2 t o  M = 2.3. The j e t  
YIch nunber a t  this joint  was about 2.8 and the   ra t io  of sgecific  hezts 
of the  rocket  gas was zlbout 1.25. The exi t   area of the blast tube  over 
exit area of the rocket  nozzle was approximately 1 .l5. 

I___ 

Y 
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Before the  sustainer  rocket w&s f i red  the model weight w a s  401 pounds, 
the center of  gravi-ty was at; 25.h perceat  c an-d 2.5 inches above -he 
thrust l ine,  and the  nments of i_n_ertiz in   pi tch,  yaw, and r o l l  were U . 8 ,  
114.2, and 3.94 slug-ft , respectively.  After  sustainer  rocket burnout 
the weight was 304 pounds, the cexber of grevity was at 24.3 percent  c 
sod 3.25 inches above thrus t   l ine  and the moments  of iner t ia   in   p i tch ,  
yaw,  an-d r o l l  were 101.9, 104.1, and 3.67 slug-ft , respectively. 

- 
2 - 

2 

I n s t m e n t a t i o n  

Model inst-ment&don  consisted of a telemeter  transmitting con- 
tingous  neasuremects of nomsl, transverse, and longitudinal  accelera- 
t ions ne= the  center of gravi ty ,   nomd  accelerat ion of the nose, r o l l  
rate,  angles of at tack and s iaesl ip ,   an  af terboa  s ta t ic   pressure,  t o t a l  
head pressure, and horizontal-tail  position. 

Free-strean  static  pressure was determined  through the  use 09 data 
obtaiced from an NACA modified SCR-584 tracking  radar and radiosonde and 
velocity over the first portioa (0.5 t o  13.5 seconds after launching) of 
the flight was checked by CW Doppler radar. 

- TEST 

.. The f l i g h t  was conducted at the  Ungley  Pilotless  Aircrzft Research 
Station zt Wallops Island, Va. The model vas accelerated t o  a Mach nux- 
ber of ebout  1.25 by a double underslung booster w i t h  t w o  6-inch ABL 
Deacon rocket mo-lors. The model and booster combinzrtion is 6 h m  on 
the  launcher i n  Zigure 2. After nodel-booster  separation  the model 
coasted f o r  approximately 1 second and then the aforementioned sustainer 
rocket  accelerated  the model t o  a peek Mach  nulnber of 2.35. 

Except for FvTomation on thrust and jet effects   the data presected 
were obtained  during  coasting  flight, r"ollowing sustainer  rocket burn- 
out, as the model responded to   t he  square-wave variation of horizontal- 
%ail incidence. The t a i l  se t t i ngs  used were approximately -2O and -ao 
in   respect  t o  the wing plane. The Pach Ember azld dynamic pressure M o r -  
mation on the model f l igh t  was obtained tlarough use of the  telenetered 
total head pressure data and the  free-stream  static-pressure data. The 
variation or" t e s t  Reynolds Ember and static  pressure  with Mach  number 
is shown in   f igure  4. 

The right t a i l  panel was knocked off by contact  with  the  booster a t  
model-booster separation. This becsne quite  evident  afber exmninction 
of the telemeter  records of the flight and t racking   caera  films. The 



internal  electrohydraulic  pulsing mechanism  was not dmaged, however, 
and the l e f t  panel  incidence was vasied i n  a square-wave pattern through- 
out the coasting  part of the   t es t .  Since  there was only one t a i l  panel 
operating, the nodel  received  considerable roll as well as pitch  dis- 
turbance  each tinze the t a i l  pulsed. 

ANALYSIS 

Because of the loss of one t a i l  panel  the model was subject t o  con- 
siderable lateral as w e l l  as longitudinal  disturbance  eachtime the ta i l  
incidence was changed. This i s  evident i n   t h e  tine his tor ies  shown i n  
f i v e  3 .  A s  i n  tests of references 3 and k considerable  coupling  existed 
between the  longitudind and lateral modes. This coupling i s  especially 
evident when the t a i l  is i n  the -8Opcsition or when the trim roll rate 
i s  highest. Eecause  of the  considemble  contributions of the motions i n  
the lateral mode to the to ta l   r e su l t i ng  motion of the model the  often- 
used two-degree-of-freedm-type analysis of reference 1 was invalid for 
obtaining and GS + %. 

As in   the  case of the node1 of reference 3, t h e   t o t a l  l i f t ,  drag, 
and side-force  information  could be obtained more or less directly  fron 
acceleroneters  near  the  center of gravity and the a and p indicator. 

The ncse and center-of-gr?yity nome1 accelerometers were used as 
in  referecce 3 to   obtain 'e' - q$ by the following  relationship: 

The roll rate w$s measured direct ly  and up t o  14.6 seconds it 
w z s  possible  to  obtain I$ from the Zrarwerse  accelerometer and side- 
s l i p  date.. The pitch  accelerztion e could  then be obtained from the 
above expression and the t o t a l  pitching-moment coefficient was obtained 
from tne followhg  relationship: 

After 14.6 seconds tne t e l ae t e r  channel reporting p was inoper- 
a t ive and the  pitching rncxerrt was  obtained  fro= 



NACA RM L55L29 7 

With the  exception  that  the In@2 tern  could be retained  in   the 
c present W s i s  this method is  s W k  t o  the  sbnplification used i n  

reference 3 and as in  the  case of that t e s t  was found t o  be ent i re ly  
adequate for obtaining G-. The values of C, include  not only C, 
due t o  a but & due t o  the rotary damping (% du? t o  6 and a) 
and Cn due t o  p, e tc .  As i n  the  case of reference 3 the contribution 
of a l l  these terms is believed t o  be smal l  and t o  have no measurable 
e f fec t  on slopes, - dCm, obtained  through  use 03 t h i s  method. 

dCL 

Corrections 

The angle of attack and s idesl ip  e,t the center of gravity were 
obtained by correcting  the  instnme-n-t  reedhgs e,t the nose by the method 
given in  reference 5. 

Corrections were made f o r  the  effects  of angular velocit ies and 
.=ccelere;tions on some of the  accelerometers  displaced  slightly (of the 
order of 4 inches and less) in   longi tudiml ,   ver t ica l ,  an6 transverse 
directions from the  center of g r ~ f l - t y  of the model.  Such corrections 
were generally  less  than 2 percent of full-scale  instrument renge. 

Accuracy 
" 

On the bssis of calculations sinilar t o  those  Cescribed i n  the 
accuracy  section of reference 3, the  accuracies of the derivatives  (as 
dependent on basic  instrument  accuracies) are believed t o  be at l ea s t  
as good as follows: 

Accuracy in percent of quantity I 
A t  14 

C 
La xac C kn AC 

Ltrh 

2.1 

7 2 25 5 5 1.1 
4 2 10 5 k 1.6 
3 2 5 3 3 
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RESULTS AND DISCUSSION 

.c data.- Most of the  basic  information  obtained from this test  
i s  given i n  figures 3, 6,  7, 8, and 9. These figures show time histor ies  
and plots  of CL against a, Cn zgainst CL, CD against CL, and 
against p, respectively. There seem t o  be  no strong  evidence of aero- 
d y m i c  coupling te-ms such as in  the  pitching moment or 

l i f t  cross  glots. It i s  believed tiiese would  be apparent, if they were 
present,  becsuse of the  relative amplitude and frequencies of a and p.  

kP Or CLB 

Lorgitudinal  trim.-  Variation of trin angle of attack and lift c o d -  
l i c i e n t  with Mach  number are shown i n  figure 10. The sol id   l ines  shown 
represent the mean l ine  through the  oscii letions and the  Points were 
obtained frm plots  of CL against a ancI/or & against CL (figs.  6 
a d  7, respectively). As shown, the trim mgle of attack f o r  a given 
t a i l  setting  increased with increasing Mach nmber, whereas the trim l i f t  
was approxina.tely  constant. 

Tne  power-on trim curves are also included i n   t h i s  figure 'md show 
%hat coincidentally  the power effect  on trin w a s  about the sazze as changing 
the t a i l  set t ing from 6 = -2O to 6 = -8O. O f  course, the change i n  
trip result ing frm change in  t a i l  set t ing would hzve been  approximately 
twice that shown if both  horizontd-tail  panels had been on the model. 
The power effects  w i l l  be discussed i n  more detail l a t e r   i n  this text. 

L i f t  a d  s tabi l i ty . -  The lift-curve  slo?es  obtaiaed frm- plots of 
f i g a e  6 are shown plotted agaixt Mach nm-ber i n  figure ll. There seem 
t o  be no consistently  large  effect  of trim angle of attack  (different teil 
set t ings)  cm the  lift-curve  slope. The theoretical.  lift-curve  slope for 
me  rFgid  config-zation was obtained  through  theoretical methods outlined 
Ln reference 6 and was corrected  for   f lexibi l i ty   effects  of the wing 
f,27raugh use of the  influence  coefficiects shown in  f igure 3 and the  pro- 
cediie  outl ized  in  the appendix of reference 2. The agreement between 
theory and cis;ta is  extremely good. 

.I-. 

The aerodynanic-center  inr"oma%ion  obtained frm- slopes of figure 7 
&-.la the  center-of-gravity  location is given i n  figure 12, d o n g  with 
t h e c r e t i c d  ir5'orw.tio-n- obtzined thrcugh use of references 6 and 2. Here 
again agreenent between theory and test data is generally  very good. 

The theoretical  irYormtion 03 and  xac is for a model with cLcL 
orre korizontal tail,  that is,  3s tested.  'The contribution of one t a i l  
p n e l  t o  l i f t  was very sr?.all t o  be about 2 percent of 

h 
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t o t a l  CL,) and the  contribution t o  xzc WES estimated t o  be about 

I 5 percent E at M = 2.1 md 2 percent E at  W = 1.1. 

- DrEg.- Beczuse of the rather smaU amplitude of the  pitch O S C U J A -  
tions,  drag  information oc t h i s  co-nfiguration is  somewhat limited. How- 
ever,  drag a t  low l i f t   coe f f i c i en t s  was obtained from the plots o l  f ig -  
ure 8 and from the t h e  histories  (not shown) md i s  given in   f igure  13. 
Drag data  are not presented below a Mach  number of about 1.6 because, 
as indicsted i n  r e  accuracy  tzble, the e r ro r   i n  CD ney be i n  excess 
of 10 percent. 

Laterel  force.- The variation of the lateral-force  panmeter 

witn Xech  nir?iber is shorn in   f igure  l k  as obtained from plots of f ig -  
ure 9. Also included is a theoretical  estimate of the  ver t ical- ta i l  
contribution  obtained  throqgh  use of reference 6 aIld approximately  cor- 
rected f o r  a smll f l ex ib i l i t y   e f f ec t .  The dif lerence  in  the e s t h a t e d  
t a i l  contribution and the t o t d  C, indicates that the exposed ve r t i ca l  

-B 
t a i l  contributes roug'hly 60 percent of t o t a l   l a t e r a l   f o r c e .  !This seem 
reasomble ifi view of the   reh t ive ly   l a rge  r.=tio of Ifuselage side area 
over ver t ical- ta i l   area.  

Tlmmst and j e t  efr"ects.- Ln the tests of reference 7 it w a s  r"ound 
-&at on a  com-igurstion l ike  the one reported  herein,  but  without  the , 
blzst tube  extension  (see  sketches on f ig .  15), there were very s t rong  

had a  rocket w i t h  r a t i o  03 t o t a l  pressure to   f ree-s t rean  s ta t ic   pressure 
of approx3utely 100, r a t i o  of jet exit   static  pressure  to  free-stream 
static  pressure of approximately 4.4, jet e a t  "ach number of about 2.6, 
ar~d retio of specil ic  heats of rocket  gas of 1.22. It w a s  evident tkt 
i f  the  rocket  in  the model of reference 7 had t h n s t e d  f o r  as long a 
t-e as t'ne rocket used in   the  :resent test that model  would have diverged 
ir, i ts  l a t e r a l  motion,  perhaps t o  the  soint  of destruction. It wzs f e l t  
that 1zrf;eral dJrllE1T?ic in s t ab i l i t y  of that model resulted l ron  i t s  being 
t r i m e d  st a negative  angle of attack du-ring  power-on, which was caused 
by jet-icdGced effects  on air f lou a t  t h e   t a i l .  Tie blast tube was 
therefore added t o  the presen-b nodel i n  an ef for t  t o  e l b i n a t e  o r  at 
l ea s t  reduce this efzect.  

- 

- jet-induced  e2fects on the  longitudinal trin. The model of reference 7 

Shorn in   f igure 15 are the t o t a l  change in CNtrh due t o  the sower 
effect,  the  portion  calculated due t o  the khrust  l i ne  being below the 
center cr' gravity m d  the  remining  portfon, which is  the part of t r i u  

~ 

c m g e  due t o  the  jet-induced  effect. T.e porbior, of AC a t t r ibu t -  

able t o  tluust rcisalinement was cdcula ted  from the  vertical  center-of- 
grzvity  dzta  (the  vertical  center-of-grzvity  location was  assuaed t o  v a y  

N t r i - a  



l inear ly  w i t h  time as the  rocket  grain burned) and thrust   character is t ics  
determined  through  use of thrust  stand data obtained on other Deacon 

of the model of reference 7 (without blast tube ) . 
blast tube had two horizontal t a i l  panels,  but the 
trix of this sme  configuration w i t h  only one t a i l  
be a t  least one-hdf that  indicated on the figure. 

The net  jet-induced  effect on C of t i e  
N t r h  

The model without a 
jet-induced  effect on 
panel would probably 

present  nodel i s  

extremely s m a l l  as compared t o  this effect  on the model of reference 7 
and even K~ough there  are  other  differences  in  configuration, that is, 
one instead of  two t a i l  panels and sorxewhat different  basic  rocket  char- 
ac te r i s t ics ,  the Illajor difference is  believed  attributable to   the  addi-  
t i on  03 the  blast   tube.  The presence of the  blast  tube probably changed 
the indcced effect  by a conbination of straightening  tne  jet flow,  changing 
the exit pressure  ratios  (through a s l igh t  expansion and through some 
interrml shock losses),  and  most irzportant, by releasing  the jet  fur ther  
downstrew-. 

A n  o r i f i c e   t o  measure a s ta t ic   pressure  in   the  vicini ty  of the after-  
body (see sketch i n  l i g .  16) affected by j e t   e l f ec t s  w a s  ins ta l led on the 
model of the present  test .  Date. obtained from this measurement are shown 
in   f igure  15 i n  the form of the variztion of Ap/q w i t h  Mach nurber f o r  
power  on and off .  As  shown, the t o t a l  power effect  (canbined effect  of 
changes i n  angle of attack and presswe  field)  increased  the  static  pres- 
sure frm a value  considerably l e s s   t h n   t o  a value higher than  free-stream - 
static  pressure.  This increase is believed t o  be maira due t o   t h e  je t  
causing a turning of the  external flow as discussed in  reference 7, sir-ce 
the power-off curve w a s  obtained  over a range of angle of attack (two 
difrerent  6 values) and eppezred t o  be conparatively  invariant w i t h  
changes i n  a done .  

The j e t  effect  on the pressure at this particular  orifice  location 
was such as t o  produce a small  negative 

uniform  pressure  distribution assumed downstream  of or i f ice)  which, of 
course, is ogposite t o  the small jet-illduced effect  shown i n  f'igure 15. 
This ap$arent  discrepancy may be due t o  the presence of a counteracting 
jet-induced  pressure f ie ld  acting  in  the  opposite  direction  or perhaps 
due i n  Dart to   l ack  of precision  in  obtaining the mall net  effect shown 
i n  figure 15. 

m%rin 
(the  order of -0.02 if 

To summarize t i e  jet-effects information, it appears that the  addi- 
t i on  of E blast tube  almost entirely  elixinated  jet-induced  effects on 
trir-; and examination of the time history  (fig. 5 )  during power-on indi- 
cates that the  lerteral dyna-ic ins tab i l i ty  experienced i n  tests of refer- 
ence 7 w a s  also alleviated. 



- 
CONCLUDING I33MRKS 

V 

A rocket-propelled model of an airplane  coeiguration having an 
mrov wing w i t h  55' leadirg-edge sweep  and a  I'let-sided fuselage mounting 
swept horizontal and ve r t i ca l  tails 3ms been tes ted through  use of the 
pulsed-control  technique at Mach numbers between 1.0 and 2.3. 

me  resu l t s  of this tes t   indicgte  good agreement between neasured 
l i f t  an0 stabi l i ty   data  end corresponding  theore-licrl  est"tes and indi- 
cate tht. the additioll of e, blas-b tube  reduced trim changes which resulted 
from jet-Induced f l o w  effects  et the tail.  

Langley Aeronautical  Laboratory, 
National Advisory Committee f o r  Aeronautics, 

hngley  Field, Va., December 7, 1955. 
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118' Plan  view angle  

Filght panel   mlsslng afLer  model-booster s e p t r a t l o n .  

W lng  
Areu ( l n c .  fus . )  .............. 10.00 sq f L  
M A C .  ....................... 2.36 rt 
A l r f o l l  .65AOO3 
Aspect r a t i o  3.20 

Hor i zon ta l   Ta l l   (P l an  Vlew,Doth panols)  
Aroa ........................ 0.90 sq f t  
M.A.C. ...................... .50 f t  
Anpoct r a t i o  ................ 4.00 
A l r f o l l  .................... .IrgAoOj 

Area ......................... 2.4' sq rt 
M.A.C. ....................... 1.71 r t  

................. .................... 

V o r t i c a l   T a l l  

A s p e c t   r a t l o  ................. 6.05 
A l r f o l l  ..................... 65~005 

c.g. a f te r   burnout  ut .21c3T 
and 3.25'' above t h r u s t  l i n e  

Tota l  head  tuba 
- 11L3.2 - 

160.6 

F i w e  1.- Sketch of t e s t  configuration. Dimensions are   in  inches except 
as noted. 
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L-872 65 1 
Figure 2.- Model and booster on launcher. 
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Figure 3. - Wing influence  coefficients measured w i t h  losds along 50-percent 
chord l ine .  
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Figure 4.- Variation of t e s t  Reynolds nwber and static-pressure ratio 
with Mach nmber. 
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Figure 5.- Time h i s to ry  of Mach number, t a l l  deflection, angle of attack, rate of roll, and angle 
of sideslip during first portion of flight. 4 I" 
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Figure 2.- Concluded. 
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Figure 6.- Variation of lift coefficient w i t h  angle of attack. 
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Figure 7.- Varfation of pitching-moment coefficient with l i f t  coefficient 
fo r  center ai' gravity E t  0.243. 
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F i g z e  3.- 'Jaristion of laterel-forze  coefficient K i t h  angle of sideslip.  
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(e) Trim  lift  coefficient. 
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(b) T r i m  angle of attack. 

Flgure 10.- Vcrlation  of  trim  charecteristics  with  Mach nmber for  power 
on end off. 
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Figure 11.- Variiztion of lift-curve slope with Mach number. 
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Figcre 12.- Variation of aerodynanic-center location  with Mach number. 
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Figure 13.- Variation of drag coefficient with Mach number. 
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Figure 14.- Variation of w i t h  Mach nuuber. % 
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Figure 16.- Pressure  coefficient  measured at point on tail boom  just off 
blast tube exit for power-on and power-off conditions. 
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